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The second quarter of Phase I saw national and local concern over the global energy 
crisis provide an added sense of urgency in developing new energy sources. Efforts have 
been directed to shortening the time schedule for construction of a 10-Mw. prototype 
geothermal power plant on the Big Island, and a more ambitious exploratory drilling 
program was developed. 
Additional activity during this quarter included: l} refinement of geophysical 
testing procedures and equipment; 2) analysis and interpretation of data obtained during 
the summer field program; 3) establishing national and local advisory committees to assist 
with program planning and support; and 4) development of strategy for a 4-month extension 
to complete Phase I, before launching Phase II--the exploratory drilling program. A 
particularly visible area of progress has been in Task 4.3, in which alternative approaches 
to measures governing geothermal resources have been developed, which should lead to 







Included in the visitors to the HGP over the last three months were: 
Mr. Glen E. Brandvold 
Dr. E. J. Graeber 
Dr. Wayne Young 
Representatives from AEC-
Sandia Laboratories, N.M. 
August 29-30 
Dr. Henry J. Ramey, Jr. September 12-13 
Dept. of Petroleum Engineering 
Stanford University, Calif. 
(Engineering Consultan~) 
Dr. Robert B. Duffield September 13-17 
Mr. Mort Smith 
AEC-Los Alamos Scientific 
Laboratory, N.M. 
Dr. Mark Davis September 21 
AEC-Sandia Laboratories 
Albuquerque, N.M. 
Mr. David N. Anderson October 1-5 
Geothermal Officer 
State of California 
(Regulatory Consultant) 
Congressman Victor V. Veysey October 22 
United States Congress 
Washington, D. C. 
Exploratory visit on possible re-
search areas of mutual interest--
primarily tapping the magma energy 
directly. 
Consultation with Engineering per-
sonnel and others on research in 
geothermal resources. 
Two-day geothermal discussions, 
plus a one-day field trip to geo-
thermal sites on the Big Island. 
Potential areas of mutual interest 
-- resulted in a $12,000 grant and 
loan of two gas chromatographs to 
study magma properties. 
Consultation and input on the regu-
latory aspects of geothermal 
phenomenon. Two-day field trip to 
geothermal sites on the Big Island. 
Discussions on promoting congres-
sional interest in geothermal 
energy -- member of House Interior 
Committee. 
.. Dr. Vernon Wheeler 
Dr. Larry Starrh 




Mr. B. C. McCabe, President November 2 
Magma Power Company 
Los Angeles, Calif. 
Dr. Frank Miller, Chairman November 7 
School of Earth Sciences 
Dept. of Petroleum Engineering 
Stanford University. Cal "if. 
Dr. Ronald Greeley November 16 
Research Associate 
NASA-Ames Research Center 
Moffett Field, Calif. 
Discussions on potential areas 
of joint research on properties 
of magma -- energy extraction 
from mo Hen magma. 
Met with Drs. Abbott and Shupe 
on strategy for geothermal ex-
ploration. 
Met with Dr. Paul Vuen on inter-
action of our two programs. 
Discussed possible assistance 
from NASA in subsequent infrared 
scanning surveys. 
In addition to the foregoing list of visits, useful correspondence and telephone 
contacts have been maintained for the purpose of gathering and exchanging material and 
publications related to geothermal energy. A central library is currently being esta-
blished, and subscriptions have been initiated to various geothermal-related periodicals. 
Additional review was held on the data obtained from the hole drilled by 
Dr. George Keller near Kil auea summit. There were a number of i nteres t i ng pi eces of 
information that came from this scientific investigation, including: 1) the \II/ater 
table at 2000 feet above sea level; 2) the temperature variation with depth and the 
high temperature gradient at the bottom of the hole; and 3) the evidence of hydro-
thermal alteration in the pore spaces, suggesting there may be some "self-sealingll 
of the porous rock structure above a geothermal anomaly. The data from this drill 
site will assist the HGP in subsequent program planning. 
The National Liaison Board has been organized (membership list attached) and is 
scheduled to hold its first annual meeting on February 8, 1974. the timing of which will 
cOincidt= with the U.S.-Japan Seminar on the Utilization of Volcanic Energy in Hila, 
February 4-8, 1974. Dr. Augustine S. Furumoto is U.S. coordinator of this seminar. 
On the local level, a broad cross-section of representatives from the private, 
governmental and public sectors has been established as the HGP Advisory Committee 
(membership list attached). This group held its first semi-annual meeting on October 31, 
1973. which was left unadjourned and is to be continued on December 5, 1973. A summary 
of the initial meeting is appended. 
There have been three presentations made during this quarter by the Project Director 
on behalf of the HGP, as follows: 
World Affairs Forum 
of Hawaii -- Club 15 
October 15 Talk delivered on"Technology's 
Response to the Energy Crisis" 
Natural Energy Group 
of Honolulu 
October 24 Talk on the general aspects of 
natural energy 
U.S.-Italy Conference on 
Geothermal Energy at the 
University of Pisa, Italy 
November 6 General discussion of the HGP 
The following trips have been made by the Project Director during the second-






Trip to Hilo, Hawaii to conduct one-day tour of geothermal sites 
for AEC-Los Alamos representatives, Duffield and Smith. 
Conferred with NSF in Washington, D.C. on a variety of research 
programs, with particular emphasis on energy -- both geothermal 
and ocean thermal. Visited offices of Hawaii's congressional 
delegates. 
U.S.-Italy Conference, Pisa, Italy. Attended as one of eight 
U.S. participants to this NSF-sponsored conference. Gave a pre-
sentation on the HGP, Phase I, and presented paper by Dr. Ping 
Cheng on Modeling Hawaiian Geothermal Resources. Toured geo-
thermal fields throughout central Italy. (Funding for this trip 
came directly from NSF, not through the HGP budget.) 
Attended by invitation the NSF-RANN Symposium on National Energy 
Issues, Washington, D.C., and conferred with HGP Program Manager 
for NSF. . 
Visited I~EC-Los Alamos Scientific Laboratory, New Mexico to con-
fer on their hot-rock geothermal program, and discussed status of 
joint magma properties study with Sandia staff. 
The major activity contemplated during the third quarter, in addition to assisting 
in the enactment of appropl"~ate legislation for-the development of geothermal power in 
Hawaii, is to plan strategy for the continuation of the HGP through the remainder of 
Phase I and into Phase II -- in light of the additional input provided by the energy 
crisis. The recommended program should be reasonably well defined by February 8, 1974 
to provide the National Liaison Board (which includes Ritchie Coryell, NSF Program 
Manager) the opportunity to react to the plan. However, the HGP should not limit its 
outlook to a program based exclusively on NSF grants, but should establish its continuing 
role in relation to the State requirements and potential support, as well as to the total 
federal funding picture. The overriding objective of the HGP should continue to be a 
• 
balanced program for removing all potential roadblocks -- exploratory, technological , 
environmental, regulatory, socioeconomic -- which could limit the development of geo-
thermal power in Hawaii. The ultimate goal of this project is to bring geothermal tech-
nology and related software to the point that private and/or public capital can proceed 
with the generation and distribution of geothermal power in Hawaii. 
Brief progress reports from the three Program Directors follow. 
John W. Shupe 
Project Director 
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HGP Staff: 
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Following introductions and opening comments by Shupe on the general 
objectives of the Advisory Committee, a briefing was presented by the HGP staff on 
the overall research program, as well as a progress report on Phase I. 
Abbott reported on the infrared measurements for determining surface heat. 
Flight paths were flown along the eastern Puna rift of Kilauea, the southwest rifts 
of both Kilauea and Mauna Loa, the northwest rift of Hualalai, and the south Kohala 
area. In addition to the anticipated hot spots along the Puna rift, an interesting 
anomaly was noted on the southwest rift of Mauna Loa near South Point. 
Klein described the electromagnetic and the electrical resistivity studies. 
Keller's reconnaissance surveys indicated possible geothermal anomalies in three 
spots along the Puna ri ft. Current and subsequent tests by Kl ei n I s group wi 11 i n-
vestigate these anomalies at greater depth and,in addition, will obtain data near 
the South Point hot spot, along the great crack in the southwest Kilauea rift zone, 
and between Kohala and Hualalai. Refinement .of the electrical resistivity equipment 
will permit penetration and data acquisition"p! up to two miles. 
Yuen gave a summary of the two programs developed to supplement the geophysi-
cal surveys. Both a mathematical and physical model have been established to study 
well test analyses and behavior of the Ghyben-Herzberg fresh water lens under simulated 
production conditions. Study has also been initiated on procedure for extracting 
energy from hot brine. . 
. ... _ Kamins. listed tbe Ilrogress. to date. on . theenvironmental-soci oeconomic pro-
gram, with major emphasis on legal and regulatory aspects. He and his staff have 
met with representatives from the State Departments of the Attorney General, Land and 
Natural Resources, Re~ulatory Agencies, the County of Hawaii, and the geothermal offi-
cer ofthe-"Sfcite-"of"C"afifornia to develop alternatives for developing a definition 
for geothermal resources, and to establish regulations for utilization of the resource. 
One alternative that is being given serious consideration is to identify geothermal 
energy as a mineral, which would automatically establish ownership as residing with 
the State. Lively discussion ensued on the pros and cons of this alternative. 
A brief discussion was held regarding the format of subsequent meetings. It 
was the general consensus of those in attendance that an earlier meeting time in the 
afternoon would allow for a greater period of discussion. It was also the consensus 
of the Committee that since a number of the key items on the agenda had not been 
covered, tt would be desirable to hold an adjourned meeting in early December. 
GEOPHYSICS PROGRAM 
Task 2.1: Photogeologic Surveys 
Task Investigator: Dr. Agatin T. Abbott 
Study of the black and \l'Jhite prints obtained during the infrared scanning survey 
described in the first quarterly report is continuing . Areas of special interest and 
those that appear favorable for more intensive investigation have been selected for 
reproduction in color by the Digicolor process. The colored photographs and subsets 
of the thermal spectrum will provide more definitive answers on the surface temperatures. 
The colored imagery which will include 17 line miles of flying should be delivered from 
the processor in about ten days. 
It is expected that study of the colored prints will help considerably in making 
the choice of drill sites. 
Task 2.4: Electromagneti~Induction Surveys 
Task Investigators: Douglas Klein . and Robert Harvey 
(Report by: Dr. A.S. Furumoto) 
Most of the time has been spent at the home Institute in improving field instrumen-
tation. The critical part is the switching mechanism for the field generator. 
Sandia Corporation will test an air drop rock penetrating device on the Island of 
Hawaii during December 1973. The task leaders are participating' in this experiment as 
this device has capabilities of being used as ground electrodes in the electromagnetic 
surveys. 
Task 2.5: Microearthquake Surveys 
Task Investigator: Dr. A.S. Furumoto 
The telemetry equipment are being assembled. No field testing has been done' for 
telemetry. 
A ground noise survey system was used in ~onnection with the East Papua Crustal 
Survey held in Papua~ New Guinea during November 1973. The system proved to be very 
effective for long distance seismic refraction surveys as well. Techniques for compact-
ness and portability were learned from the Australian scientists who ran the Papua Survey. 
A~l;u~ 
ENGINEERING PROGRAM 
Task 3.1: Well Test Analysis 
Work is continuing on determining the availability of hardware and software required 
for the prediction of geothermal well performance. Although the methods of well test 
analysis used with petroleum and gas industries cannot be applied without change to geo-
thermal systems, it is expected that the principles of petroleum reservoir engineering 
for single-phase liquid flow can be modified and used for hot water geothermal reservoirs. 
A literature survey on physical modelling is nearing completion, and design work has 
been begun for a physical model of geothermal reservoirs potentially available on Hawaii. 
A dimensional analys"is study is in progress to help determine the parameters of signifi-
cance, the media to be used, and the scale factors. 
Task 3.2: Ghyben-Herzberg Lens Dynamics 
During the last quarterly period the finite difference equation solution has been 
derived for the problem of free convection in a coastal aquifer with geothermal heating 
from below. A compute~program has 'been written for the numerical solution of the set 
of non-linear algebraic equations by an iterative method. 
The problem of pumping and recharging in a porous medium under isothermal condi-
tionshas been studied~extensively but the problem of pumping and recharging in a geo-
thermal reservoir has inot been discussed in the literature. This problem now has been 
properly formulated and methods are being investigated for obtaining solutions. 
Task 3.6.1: Heat Exchanger and Binary-Fluid Cycle Design 
During Jhe past quarter computer programs to study the effec;ts of variations of 
system parameters were written and tested. A Rankine cycle with superheat and heat in-
put from a high temperature brine was the main focus of the research efforts. 
Work was continued on the design of heat exchangers suitable for use with hot brine. 
A vertical configuration is being considered first because of the availability of suitable 
heat transfer equations for design purposes. 
Task 3.6.2: Optimal Hot Brine Plant Design 
Work is continuing on the study and comparison of different cycles which can be 
used with a geothermal reservoir. While some general information can be obtained, 
specific design data can be generated only after the parameters of the geothermal re-
servoir have been determined. 
ENVIRONMENTAL-SOCIOECONmlIC-LEGAl PROGRAM 
Work continued during the quarter on Task 4.3 -- Legal Aspects, and Task 4.6 --
Economic Aspects of Geothermal Development. No funds have yet been budgeted for the 
third task in this portion of the project, which is to investigate the environmental 
aspects of geothermal development in Hawaii. 
Legal Aspects 
During the quarter~ the research staff worked with representattves of the agencies 
of the State of Hawaii most directly concerned with the establishment of a legal regime 
for geothermal resource development; namely, the Departments of the Attorney General, 
Planning and Economic Development, Land and Natural Resources, and Regulatory Agencies. 
It was agreed that the existing state laws leave in doubt the definition and ownership 
of geothermal resources, and that such legal ambiguity would discourage investment in 
and development of the resource, since the absence of controlling law there would 
probably be prolonged litigation to settle the matter in the courts. Similarly, it 
would enhance development to place Hawaii government regulation of geothermal resource 
use in some designated agency -- a state agency, since in Hawaii economic regulation is 
centralized in the state government. 
Following meetings with these representatives, there was unanimous agreement among 
the agencies concerned that the regulatory function should be placed within the Depart-
ment of Land and Natural Resources, which already has oversight responsibility with re-
spect to water and minerals. Consequently, the Department has drafted a bill to 
explicitly add geothermal to the natural resources under its jurisdiction and to define 
geotherma 1 resources so as to make the ownershi p cl ear. The bi 11 has been submitted to 
the Office of the Governor for possible inclusion in the administrative legislative 
program for the 1974 Hawaii State Legislature, which convenes in January. 
A preliminary report, intended to serve as background for legislators and others 
concerned with the question of estabJ ishing a legal setting for geothermal development 
in Hawaii, was prepared by Robert Kamins, Donald Kornreich, and George Sheets. The re-
port utilizes comparative data on geothermal laws gathered from a survey of legal prac-
tices in the twelve Western states other than Hawaii. 
During the quarter, David N. Anderson, Geothermal Officer for the State of California, 
visited the project as consultant concerning regulation of geothermal prospecting and 
production. He is helping the project to prepare a model set of regulations based on the 
experience of California, but fitted to the conditions of Hawaii. The regulations would 
carry the bulk of the legal constraints to be applied to geothermal development in this 
state, since there seems to be agreement on the proposition that the statutory provisions 
should be general, leaving the regulatory agency authority to specify such details as 
bonding requirements, drilling fees, permits, inspection of wells, etc. 
Economic Aspects 
A survey of the rapidly growing, but still unsynthesized, literature on geothermal 
economics was undertaken by Richard Peterson, Nabil El-Ramly and Robert Kamins. From 
this material, data on the costs of geothermal exploration and production in various 
producing areas are being collected to ascertain, among other things, the effects of 
economies of scale on geothermal production costs. 
Gathering data on the electric industry of Hawaii continued. Much uncertainty as 
to the short'7" and long-term supply conditions of the industry has, of course, been in-
jected by the national fuel shortage and consequent rise in oil prices to the utility 
companies. The oil shortage adds to the comparative advantage of geothermal power, but 
also adds to the complication of economic analysis. 
Econometric models of the State of Hawaii were examined to ascertain their appli-
cability to the projection of geothermal development in this state. The provisional 
conclusion is that it is not feasible to make projections of impacts on the economy of 
the County of Hawaii alone. Investlgat;on~;t.~.co.:ues. 
Robert M. Kamins 
